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Method and apparatus for autostereoscopic lenticular displays utilizing
random dot patterns


Abstract

A lenticular autostereoscopic display includes a first layer, containing a
composite image frame. The composite
image frame is generated by creating
a plurality of random dot image frames. Closely related pairs of image
frames form a stereoscopic image when viewed stereoscopically. The
plurality of random dot image frames are
interlaced into a plurality of
alternating vertical strips, and a lenticular material is placed over the
composite
image frame, allowing a viewer to perceive the stereoscopic
image or images created by the interlaced random
dot image frames.
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Claims

We claim: 

1. An autostereoscopic display, comprising:


a first layer containing a composite image frame of a plurality of colored random pattern image frames having
color gradations between closely related frames and interlaced into a plurality of alternating vertical strips,
wherein closely related
pairs of the vertical strips form image pairs for generating a stereoscopic image; and


a second layer covering the first layer for focusing vision of a viewer on the closely related pairs of interlaced
vertical strips such that the viewer perceives the stereoscopic image.


2. The autostereoscopic display of claim 1, wherein the stereoscopic images generated by the image pairs
comprise a plurality of unique and different stereoscopic images.


3. The autostereoscopic display of claim 1, wherein the stereoscopic images generated by the image pairs
comprise an animation sequence of stereoscopic images.


4. The autostereoscopic display of claim 1, wherein the second layer further comprises a lenticular material.


5. The autostereoscopic display of claim 4, wherein the lenticular material further comprises a plurality of
cylindrical lenses.


6. An autostereoscopic display, comprising:


a first layer containing a composite image frame including a plurality of colored random pattern image frames
having color gradations between closely related frames and interlaced into a plurality of alternating vertical
strips, wherein closely
related pairs of the vertical strips form image pairs for generating a stereoscopic image;
and


a lenticular lens layer covering the first layer, the lenticular lens layer including a plurality of cylindrical lenses
for focusing vision of a viewer on the closely related pairs of interlaced vertical strips such that the viewer
perceives the
stereoscopic image.


7. The autostereoscopic display of claim 6, wherein the stereoscopic image generated by the image pairs
comprises a plurality of unique and different stereoscopic images.


8. The autostereoscopic display of claim 6, wherein the stereoscopic image generated by the image pairs
comprises an animation sequence of stereoscopic images.


9. A method for producing an autostereoscopic display, comprising the steps of:


generating a plurality of random pattern image frames, each of the image frames a member of a frame pair
forming a stereoscopic image;


coloring the generated plurality of random pattern image frames according to a selected color gradation scheme;


combining the plurality of random pattern image frames into a composite image frame as a number of
alternating vertical strips;


covering the composite image frame with a lenticular material to provide an autostereoscopic viewing.
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10. The method of claim 9, further including the step of compressing the combined plurality of random pattern
image frames to a selected size.


11. The method of claim 9, wherein the step of coloring further includes the steps of:


selecting a starting color for a first random pattern image frame;


selecting an ending color for a last random pattern image frame; and


determining required color gradations between the starting color and the ending color for each random pattern
image frame between the first image frame and the last image frame.


12. The method of claim 9, wherein the step of generating further includes the step of selecting a total number of
the random pattern image frames to be generated.


13. The method of claim 9, wherein the step of generating further includes the step of selecting parameters
controlling the generation of the composite image frame and the random pattern image frames.


14. The method of claim 9 further including the step of manufacturing a lenticular material according to selected
parameters controlling the generation of the composite image frame.


15. A method for producing an autostereoscopic display, comprising the steps of:


generating a plurality of random pattern image frames, each of the image frames a member of a frame pair
forming a stereoscopic image;


coloring the generated plurality of random pattern image frames according to a selected color gradation scheme;


dividing the random pattern image frames into a plurality of vertical strips;


alternately combining the plurality of vertical strips from each of the plurality of random pattern image frames to
generate a composite image frame;


compressing the composite image to a selected size; and


covering the composite image frame with a lenticular material to provide autostereoscopic viewing.


16. The method of claim 15, wherein the step of coloring further includes the steps of:


selecting a starting color for a first random pattern image frame;


selecting an ending color for a last random pattern image frame; and


determining required color gradations between the starting color and the ending color for each random pattern
image frame between the first image frame and the last image frame.


17. The method of claim 15, wherein the step of generating further includes the step of selecting a total number
of the random pattern image frames to be generated.


18. The method of claim 15, wherein the step of generating further includes the step of selecting parameters
controlling the generation of the composite image and the plurality of random pattern image frames.
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19. The method of claim 15 further including the step of manufacturing lenticular material occurring to selected
parameters controlling the generation of the composite image frame.

Description

TECHNICAL FIELD


The present invention relates to autostereoscopic displays, and more particularly, to an apparatus and method for
combining lenticular display techniques with dual image random dot patterns.


BACKGROUND OF THE INVENTION


Stereo pair displays are stereoscopic displays containing separate left eye and right eye images. These images
are viewed by various techniques allowing each eye to separately perceive its associated image and thus, allow a
viewer to perceive a
single three dimensional image. One common technique for viewing stereo pair displays
involves the use of left and right eye filters, such as red-blue filters or polarized filters. Stereo pairs may also be
placed side by side and viewed without the aid
of a viewing device by free viewing. Free viewing involves
crossing ones vision or extending ones focal point beyond the page containing the stereo pair images such that
each image of the stereo pair appears to overlap and create a single stereoscopic
image.


One type of stereo pair image display includes random dot stereograms consisting of a pair of apparently random
patterns of dots (pixels) that when viewed stereoscopically, produce a three dimensional image. In a random dot
stereo pair, each
image frame is devoid of monocular cues. This means that each image frame, by itself, is
meaningless and retains no information specific to the stereoscopic image. Parallax differences are achieved
between the right eye and left eye image frames by
making slight horizontal shifts to the pixels comprising the
random patterns. The left eye and right eye image patterns are identical, except for these pixel shifts. When free
viewing or viewing using some type of stereoscopic filter or device, the
pixel shifts between the images are
taken as depth cues by the brain and causes the perception of depth by a viewer.


The inherent limitation of all stereo pair displays, including dual image random dot stereograms, is the failure of
the displays to be autostereoscopic. Autostereoscopic displays are displays in which apparent depth can be
perceived without the
use of a viewing device. Viewing of stereo pair displays require viewing devices or
requires complicated and often eye tiring free viewing of the images. Thus, an autostereoscopic display presents
a simpler means for viewing stereoscopic images.


A lenticular screen display is one type of autostereoscopic display comprised of a flat rear surface containing a
photographed or lithographically printed image composed of a number of interlaced source frames. A lenticular
material consisting
of a series of cylindrical lenses allows light to enter and be focused upon the flat rear surface.
In a lenticular screen display, source frames generally contain images from progressive prospectives of an object
or objects in the display. The source
frames are interlaced into very fine alternating vertical strips and then
compressed horizontally so that the resulting image is the width of a single one of the source frames.


A lenticular material is then placed over the resulting image. As the viewer perceives the display through the
lenticular material, the left eye sees one group of strips corresponding to a first source frame through the lenses
of the lenticular
material, while the right eye sees a second group of strips corresponding to a second source
frame through the lenses of the lenticular material. Depending on the viewing angle, the lenses focus the viewers
left and right eyes on the interlaced strips
of any two adjacent or closely related groups of source frames forming
a stereo pair. As the viewer changes viewing angles, such as by walking in one direction across the front of the
display, the stereo pair of source frames that the viewer sees
through the lenticular material changes. In theory, a
infinite number of frames can be interlaced with this process with each frame differing from its neighbors by
minute changes in perspective. In practice, normally ten or more interlaced frames are
used.
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Lenticular autostereoscopic displays also achieve an animation sequence of images if a high number of
interlaced source frames are used. However, the ability to show animation within normal lenticular displays
requires an exceptionally high
number of source frames to be used since each pair of frames must contain an
image that has not moved to such a degree that stereoscopic perception of the image is unable to be achieved.
Thus, lenticular autostereoscopic animation is limited in that the
displacement of objects between any two
adjacent or closely related frames must be sufficiently small or negligible, so as not to interfere with the
stereoscopic viewing of the adjacent source frames.


Thus, autostereoscopic displays not containing the limitations of presently existing lenticular screen displays or
stereo pair images is desired.


SUMMARY OF THE INVENTION


The present invention overcomes the foregoing and other problems with a method and apparatus for a lenticular
autostereoscopic display using random dot image patterns. The present invention comprises a display having a
first layer containing a
composite image frame. The composite image frame is produced by first generating a
number of random dot image frames. Each image frame is a member of an image frame pair that when viewed
stereoscopically produces a stereoscopic image. The plurality of
random dot image frames are each subdivided
into a number of vertical strips. These strips are then alternately interlaced to form the composite image frame.
These interlaced random dot image frames are then compressed to create a composite image frame
of a size
substantially equal to the size of the original random dot image frames. A lenticular material is prepared
according to parameters defining the size and spacing of the plurality of interlaced vertical strips of the
composite image frame. This
lenticular material is attached to the surface of the composite image frame, and a
viewer autostereoscopically perceives the images formed by the image pairs created by adjacent or closely
related groups of vertical strips of random dot image frames
merely by viewing the image frames through the
lenticular material. 

BRIEF DESCRIPTION OF THE DRAWINGS


For a more complete understanding of the present invention and the advantages thereof, reference is now made
to the following Detailed Description taken in conjunction with the accompanying Drawings in which:


FIGS. 1a and 1b are a flow diagram illustrating the method for generating a lenticular autostereoscopic display
using random dot patterns;


FIG. 2 is an illustration of a random dot stereo pair;


FIG. 3 is an illustration of a random dot stereo pair independent sequence;


FIGS. 4a and 4b are flow diagrams more fully illustrating the procedure for interlacing a plurality of image
frames;


FIG. 5 is an illustration of the lenticular autostereoscopic display of the present invention using a pair of
interlaced random dot image frames; and


FIG. 6 is an illustration of a lenticular autostereoscopic display of the present invention using a plurality of
interlaced random dot image frames. 

DETAILED DESCRIPTION


Referring now to the Drawings, and more particularly to FIG. 1, wherein there is illustrated a method for
producing the lenticular autostereoscopic displays using random dot patterns of the present invention. It is to be
understood that while
the following description refers to the use of random dot stereo pairs, the use of any type
of random pattern stereo pair will function as well in the present invention. Initially, the number of random dot
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image frames comprising the display is selected
at step 10. The number of image frames selected will be one
more than the number of stereoscopic images produced by the image frames. Thus, where only a single
stereoscopic image is desired only two image frames are required. The relationship between
the number of
image frames required and the number of stereoscopic images produced by the image frames is such that for
each (n) image frames there are created (n-1) stereoscopic images.


At step 12, the various defining parameters for the lenticular autostereoscopic display are selected. These
parameters include the height of each image frame to be generated, the width of each image frame to be
generated, the number and width of
vertical strips within a composite image frame, and the resolution of the
composite image frame to be generated. It is to be understood that these examples of defining parameters are not
exclusive and that various other parameters may be included to
achieve a desired result. Using the parameters
defined in step 12, the selected number of image frames are generated at step 14 to create the (n-1) stereoscopic
images.


FIG. 2 illustrates a single random dot image pair, wherein only two image frames are generated to produce a
single stereographic image. FIG. 3 illustrates an independent stereo sequence of random dot image stereo pairs,
wherein image frame 16
forms a stereoscopic image pair with image frame 18, image frame 18 forms a
stereoscopic image pair with image frame 20, and image frame 20 forms a stereoscopic image pair with image
frame 22. A feature of the present lenticular display application not
found in known lenticular display
applications is that the random patterns of the image frames of the present invention are singly devoid of
monocular cues.


Known composite image frames are comprised of a series of image frames having a differing perspective upon a
common object or objects (a stereo sequence of image frames). Any given stereo pair of image frames is
inherently linked to and
dependent upon the images in all other frames. For example if a first frame is an image
of a dog, a second frame must be a slightly different perspective of that same dog in order to create a
stereoscopic image of the dog in conjunction with the first
frame. A third frame must be still a slightly different
perspective of the dog in the second frame in order to create a stereoscopic image with the second frame and so
forth. This phenomena is termed a dependent stereo sequence.


Dependent stereo sequences require that all image frames in a closely associated area contain stereoscopic
images of basically the same base image, and thus, limits the number of images presentable over a small viewing
area such as a composite
image frame. In an independent stereo sequence two random dot frames work together
to form a stereoscopic image, but each frame by itself does not contain any information relating to the
stereoscopic image. Additional advantages provided by the
independent stereo sequence image frames will be
more fully discussed in a moment.


Unlike the dependent stereo sequence image pairs of previous lenticular displays, a series of random dot stereo
image pairs provide an independent stereo sequence. The random patterns of the random dot stereo pairs are
devoid of monocular cues. Each image frame, by itself, contains no meaningful information related to the
stereoscopic image provided by an image frame pair. Therefore, any stereoscopic image formed by any two
adjacent or closely related image frames is not linked to or dependent
on any other stereoscopic image in the
sequence. This feature allows an independent stereo sequence to be created in which the random pattern of
frame 16 combines with the random pattern of frame 18 to create a first stereoscopic image, and the random
pattern of frame 18 combines with the random pattern of frame 20 to create a second independent stereoscopic
image, and so forth.


Referring again to FIG. 1, once the image frames are generated at step 14, the user may choose at step 24 to
color the image frames according to a selected color gradation scheme. If color gradations are desired for a
sequence or pair of image
frames, a starting and ending color are selected at step 26 for a corresponding starting
and ending image frames within a sequence of image frames. Next, the color for the remaining (n-2) image
frames are selected at step 28 such that the colors between
adjacent or closely related image frames vary slightly
from the starting image frame color to the ending image frame color. The colors gradually change between
adjacent image frames to minimize adverse effects upon the viewing of stereoscopic images. When drastically
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different colors are utilized in adjacent image frames, the contrasting colors compete with each other during
stereoscopic viewing and make the viewing more difficult. However, if there is a gradual change from one color
to another, and
the discrepancy between colors of any two adjacent image frames is sufficiently small, the colors
between adjacent frames work together harmoniously. All frames are colored at step 30 according to the colors
selected at steps 26 and 28.


After the frames have been colored at step 30, or if a determination is made at step 24 that no color gradations
are desired, the image frames are interlaced into a composite image frame and compressed horizontally using
computer or photographic
means at step 32. This step will be more fully discussed in a moment. After the
composite image frames have been created, a lenticular material is produced at step 34 in accordance with the
parameters selected at step 12. The lenticular material is
affixed at step 32 to the composite image frame to
complete the lenticular autostereoscopic display.


Referring now to FIGS. 4a and 4b, there is a flow diagram more fully illustrating one method for interlacing
image frames into a composite image as discussed at step 32. It is to be understood a variety of methods exist by
which a plurality of
image frames may be interleaved into a composite image frame. Each of the random dot
image frames are first divided at step 70 into a plurality of vertical strips. The width and number of the strips are
determined by the parameters set at step 12. The
first vertical strip from a first image frame is placed at step 72
into a composite image frame. The first vertical strip from the next image frame is placed at step 74 into the
composite image frame. Inquiry step 76 determines if any additional image
frames exist. If there are additional
image frames, control returns to step 74 until each image frame has placed a vertical strip into the composite
image frame.


Once each image frame has placed a vertical strip into the composite image frame, control passes to step 78
wherein the next vertical strip of the first image frame is placed into the composite image frame. The next
vertical strip of the next
image frame is placed into the composite frame image at step 80. Inquiry step 82
determines if all of the image frames have again placed a vertical strip into the composite frame image and
returns control to step 80 until all image frames have added
another vertical strip. Inquiry step 84 determines if
all vertical strips have been added to the composite image frame and if not, returns control to step 78. Once all
vertical strips have been added to the composite image frame the process ends.


Referring now to FIG. 5, there is illustrated a side view of a lenticular autostereoscopic display using random dot
patterns of the present invention. FIG. 5 illustrates an embodiment of the invention in which only two image
frames are utilized
in creating the display. The composite image frame 36 comprises an interlaced left image
frame 38 and right image frame 40. The left image frame 38 and right image frame 40 comprise a stereo pair
which when viewed stereoscopically allow a viewer to see
the encoded stereoscopic image. By interlacing the
left and right images (38 and 40) into alternating, adjacent vertical strips and placing a lenticular material 42
over the surface of the composite image frame 36, a viewer 44 is able to automatically
perceive the stereoscopic
image created by the left and right image frames. This is achieved by the lenses 46 of the lenticular material 42.


Normally, when the composite image frame 36 is viewed by the viewer 44 through the lenses 46 of the lenticular
display 42, the right eye of the viewer 44 focuses only upon the group of interlaced strips of the right image
frame 40 and the left
eye of the viewer 44 focuses only upon the group of interlaced strips of the left image
frame 38. This causes the viewer 44 to perceive a stereoscopic or three dimensional image. As the viewer 44
proceeds to other positions, the lenses 46 of the
lenticular material 42 will normally cause the left and right eyes
of the viewer 44 to focus on the corresponding group of strips (38 and 40) of the composite image frame.
However, at some positions the group of vertical strips perceived by the left and
right eyes of the viewer 44 will
reverse and cause the viewer to perceive an inverted view of the stereoscopic image. This problem is overcome
by increasing the number of image frames 50 within the composite image frame 52 as shown in FIG. 6.


Referring now to FIG. 6 there is illustrated an embodiment of the present invention, wherein a greater number of
image frames 50 are incorporated into a composite image frame 52. The composite image frame 52 is composed
of any number of separate
image frames 50 from (1) to (n). Each adjacent or closely related pair group of image
frames 50 combine to generate a separate stereoscopic image. Thus, for example, the image frames 50 of group
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one (1) and group two (2) combine to create the image of
a dog, while image frames two (2) and three (3) may
combine to create the image of a boat. The composite image frame 52 is overlain by a lenticular material 54
containing a number of lenses 56.


As before, the lenses 56 of the lenticular material 54 cause a viewer 58 to view adjacent or closely related groups
of frame strips 50 of the composite image frame 52 and perceive a stereoscopic image. Unlike the previous
example, the viewing of
the composite image frame 52 through the lenticular material 54 allows a viewer 58 to
perceive a variety of images depending upon the viewing angle. Thus, if a viewer 58 perceives the composite
image frame 52 from a position 62, the viewer may focus
upon composite image frame strips groups one (1) and
two (2) throughout the composite display and view a first image. Upon changing to a second viewing position
64, the lenticular material 54 causes the viewer 58 to focus upon image frame strips groups
two (2) and three (3)
and see a second image.


In this manner by altering the viewing angle or position of the viewer 58 with respect to the composite image
frame 52, the viewer is able to perceive a sequence of images as his eyes travel from left to right across the face
of the lenticular
material 54. The images for various pairs of image frames may be different for each pair. For
example, frame one (1) and frame two (2) would form an image of a dog, frame two (2) and frame three (3)
would form an image of a boat, and frame (n-1) and
frame (n) would forman image of a cat. The images for
various pairs of image frames also may create an animation sequence. For example, frame one (1) and frame two
(2) would form an image of a ball, frame two (2) and frame three (3) would forman image
of a ball at a lower
position and frame (n-1) and frame (n) would forman image of the ball impacting the ground. In this manner, the
viewer 58 may perceive a sequence of differing images as the material passes across his eyes, or an animated
sequence of
images giving the impression of movement of a character or object.


Although preferred embodiments of the present invention have been illustrated in the accompanying Drawings
and described in the foregoing Detailed Description, it will be understood that the invention is not limited to the
embodiments disclosed,
but is capable of numerous rearrangement, modifications, and substitutions of parts and
elements without departing from the spirit of the invention.


* * * * *
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